Abstract A key outcome measure of cancer research training programs is the number of cancer-related peer-reviewed publications after training. Because program graduates do not routinely report their publications, staff must periodically conduct electronic literature searches on each graduate. The purpose of this study is to compare findings of an innovative computer-based automated search program versus repeated manual literature searches to identify post-training peerreviewed publications. In late 2014, manual searches for publications by former R25 students identified 232 cancer-related articles published by 112 of 543 program graduates. In 2016, a research assistant was instructed in performing Scopus literature searches for comparison with individual PubMed searches on our 543 program graduates. Through 2014, Scopus found 304 cancer publications, 220 of that had been retrieved manually plus an additional 84 papers. However, Scopus missed 12 publications found manually. Together, both methods found 316 publications. The automated method found 96.2 % of the 316 publications while individual searches found only 73.4 %. An automated search method such as using the Scopus database is a key tool for conducting comprehensive literature searches, but it must be supplemented with periodic manual searches to find the initial publications of program graduates. A time-saving feature of Scopus is the periodic automatic alerts of new publications. Although a training period is needed and initial costs can be high, an automated search method is worthwhile due to its high sensitivity and efficiency in the long term.
Background
Providing quality research training programs to medical students and health professional graduate students in public health, dentistry, and nursing, can stimulate their interest in engaging in research or continuing along a research career development path [1] [2] [3] . Some students believe that the time and attention required to engage in research may diminish their chances of acquiring a residency or advanced training. Other students believe that research experience is useful but only to build their resume's in order to increase their chances of selection for post-graduate training [4] [5] [6] . These attitudes and beliefs may obscure the benefits that research experience could provide for the career development of medical and graduate health professional students. Such students who participate in research training programs acquire a better understanding of research methods and results, allowing them to make better professional and clinical decisions as compared to their peers [7] . Research training also enhances critical thinking, improves the quality of training, provides new skills, and sensitizes students to health-related issues [8] . A recent study of the impact of intensive mentoring and structured training for early career clinical faculty demonstrated that the number of research grants and dollar amounts of the grant award post-training was about three times greater than for a comparison cohort not similarly mentored and trained [9] .
Research training programs have proven effective in increasing the number of research-oriented health professionals [10, 11] . The National Institutes of Health provides funding for research training programs through its R25 program, available in 27 institutes including the National Cancer Institute (NCI). In 1988, UAB's Cancer Prevention and Control Training Program (CPCTP), for the support of post-doctoral fellows, doctoral students, and a few summer students each year, was funded by NCI [12] [13] [14] . In 1999, UAB's Cancer Research Experiences for Students (CaRES) program, a spinoff of the CPCTP for summer students only, was funded by NCI through its R25E program for short-term research projects [15] [16] [17] . The CaRES program's primary goal is to introduce or re-introduce eligible students to cancer research and to motivate them to consider cancer research careers. To date, the CaRES program has awarded over 600 summer internships in cancer research for UAB medical students and graduate health professional students who are American citizens or permanent residents of the USA. The proportions of CaRES students, according to academic program, were 57 % from medicine, 29 % from public health, 7 % from dentistry, and 7 % from nursing and related programs.
A complete description of the CaRES program is found in our 2015 paper [17] . Each CaRES' research project lasts from 8 to 12 weeks, based on the demands of the project and the availability of the preceptor and student. Students complete a mid-summer evaluation in order to identify issues of concern that can be corrected before summer's end. Exit evaluations of students and preceptors measure satisfaction with their research experiences and with program administration. Short-term evaluation results over the past several years are presented on our program website, www.uab.edu/cares. Since its inception, CaRES has met its short-term goals as documented by outstanding exit evaluations by students and preceptors [17] .
In order to evaluate whether CaRES is meeting its long-term goal of motivating students to consider cancer research in their career plans, program directors must assess the number and quality of cancer-related publications, abstracts, and posters co-authored by program graduates; and assess the graduates' achievements in cancer research, patient care, and in other professional roles related to the program's goals. The purpose of this paper is to describe an automated search approach to identify post-training publications of program graduates and to compare our findings with the results of periodic, repeated manual literature searches on each former student, in terms of (1) start-up time, (2) personnel effort, and (3) sensitivity for finding relevant publications.
Methods

IRB
Tracking alumni of our university is not subject to approval by our Institutional Review Board, and therefore, this study did not require IRB review and approval. No personal identifying information on alumni is presented in this report as only summary data are analyzed.
Database Training
CaRES personnel met with one of our institution's medical librarians to learn about options for subscribing to an automated system of alerts to inform us when program graduates publish peer-reviewed papers. We learned that several such systems exist, and that these systems can be used to identify career-long publications of program participants. The efficacy of automated searches for career publications is the subject of this study. The librarian presented the strengths and limitations of Scopus [18, 19] , PubMed [20] , Web of Science [21] , and Google Scholar [22] . We chose Scopus, to which our university subscribes, as the search database that best fit our needs. Launched in 2004 by Elsevier Publishing Company, Scopus is the largest database for abstracts and citations of peerreviewed literature on technology, medicine, art, humanities, and social sciences, extending back to the 1960s [20] . Our goal was to program the Scopus system to set publication alerts for the 543 CaRES graduates who participated in the program from 1999 to 2014. Were this approach effective, it would diminish or eliminate the need for periodic individual manual searches on each graduate. The medical librarian reviewed the mechanics and database platform of Scopus with our research assistant, and a few trial searches were conducted until the research assistant became comfortable with the Scopus process.
Following the initial training, we uploaded our list of contact information on all CaRES program graduates so that we could match the names in our database to author names found on Scopus searches. This list was updated in the late 2014 for a longitudinal tracking survey of 1999-2013 alumni. Contact information obtained from the alumni affairs offices of the university and Schools of Medicine and Public Health included name (and its variations); last known institution where a student or employee affiliated; and last known physical address; phone numbers, email addresses, and residency locations (for medical students). We became aware of individuals who had changed their name (by virtue of marriage, divorce, or for other reasons) and may publish under a name other than their student name. Scopus accounts for author name variations and changes as long as all versions pertain to the same author identification number (ID). After copying the list of names to a Word document, we set Balerts^to notify us whenever individuals by these names publish a paper. Notifications were to be sent to the university email addresses that we selected. At our option, alerts were programmed to be sent monthly, as opposed to quarterly.
For the names in our CaRES database, BAuthor Search^on Scopus notified us of all publications to date and any new publications that it finds as the months go by. Scopus is programmed to list all publications that were authored by someone having the same last and first name. Our knowledge of the area of study (cancer), institutional affiliation, and place of employment of our CaRES students allow us to confirm, or fail to confirm, matches with the authors found by Scopus. Results are filtered by these components. Once a possible match is found, the author profile is reviewed by the program director and research assistant in order to identify and delete apparent matches that are incorrect. We deleted publications unrelated to cancer and publications from years prior to the CaRES summer training period. The list of publications found on Scopus for the period 1999-2014 was cross-referenced with the CaRES publication database from 2014.
Statistical Analysis
There is no gold standard for identifying all relevant publications for each program participant. The primary reason for this is that each database search engine operates on a proprietary algorithm and it would be cost-prohibitive to test multiple search engines for our cohort. Therefore, the Buniverse^of relevant publications for this study is defined as the sum of all publications identified by both methods. The sensitivity for each method is defined as the number of publications discovered by that method divided by the total number. The relevant exact 95 % confidence interval can be computed for automated and for manual searches.
Results
Start-up Time
After 2 hours of training by a medical librarian, our research assistant became facile in navigating the Scopus system. Inputting and checking the identifying information on 543 CaRES students took approximately 10 hours, accounting for double-checking dubious spellings and contact information, and entering multiple versions of student names (e.g., with or without a middle initial).
Personnel
Our research assistant was extremely capable and did most of the hard work, with oversight by the CaRES program director who resolved problems and lent guidance as needed.
Quantitative Results
Of 543 CaRES students we were able to set, Scopus alerts for the 278 individuals (51 %) who had published at least one paper. Alerts could not be set for the remaining 265 CaRES students who had not published to date. These remaining alumni must be manually searched until they publish their first paper and can be added to the Scopus system. Table 1 shows the number of cancer-related peer-reviewed publications by former CaRES students each year post-training, comparing manual search results with Scopus results. Scopus consistently found publications missed by the manual search method, but the manual method occasionally found publications missed by Scopus. Through 2014, Scopus found 304 cancer-related publications, 220 of that had been found manually plus 84 more. However, Scopus missed 12 publications that had been found by manual searches. By using both methods, we found a grand total of 316 publications: 220 found by both methods plus 12 (5 % more) found only manually plus 84 (38 % more) found only by Scopus. Using the denominator of 316 total publications, the sensitivity of the Scopus search was significantly higher, 96.2 % (93.5, 98.0) versus the manual search sensitivity of 73.4 % (68.2, 78.2). The 12 papers missed by Scopus were published in a variety of journals, and most had PMCID numbers. It is unclear why these papers were missed by Scopus. Of the 84 publications missed by manual searches, 8  35  2013 50  39  45  5  11  34  2014 65  45  62  3  20  42   Total 316  232  304  12  84  220 many were published in journals of high quality, many of them surgery journals. Why this large number of papers was repeatedly missed on manual searches is unclear and raises methodological concerns (Fig. 1 ).
Discussion
One aspect of evaluating long-term achievements of research training programs is the number of peer-reviewed publications by students who complete the program. Individual literature searches on dozens or hundreds of program graduates can be tedious and time-consuming, and must be repeated periodically. Automated search methods are now available through existing databases, such as Scopus. This approach may decrease the burden of gathering statistics for annual reports and training grant proposals. Once programmed, Scopus can provide immediate alerts of new publications of interest, without having to perform future, repeated searches on individual authors. Scopus is used not only in academic settings but by government agencies as well, and it is the largest resource for accessing abstracts and citations of peer-reviewed literature [23] . This is the primary reason why we chose Scopus as well as the fact that our institution has a subscription. Due to limitations of time and money, an active comparison of Scopus was not made against other options such as Web of Science [24] , a pioneer in the field of literature searches. Such comparative studies may be useful for institutions contemplating subscribing to an automated search database. Scopus has many positive attributes. For individuals who have published papers, Scopus can establish how many papers have ever been published, whether or not in an area related to the training program. Scopus accounts for variations in author names, although it is important to input all alternate names to ensure that searches are conducted for all possible name variations. Knowing a student's middle initial, institutional affiliation, or place of employment can differentiate him or her among authors having identical or near-identical names, minimizing search time. This is most useful in searching short, common author names. Scopus may find many authors with matching first and last names, requiring additional information from the filters to confirm a match. An alert can be set for two or more authors in combination, for instance, a student and his or her preceptor. A previous list of publications is useful to identify past co-authors and thus, possible coauthors of new publications. After setting a Scopus automated alert, there is no future need for manual searches on that graduate. A program's student publication list can be updated as frequently as monthly, and Scopus has no limit on the number of alerts that can be set by a user.
Scopus has its limitations. An author alert can be set only for individuals who have published at least one paper. The manual search process must be repeated periodically for individuals who have never published, to determine when or whether that first publication appears. Scopus may not be useful for research training programs whose students have few if any previous publications. Search results may vary depending on the ability and skills of the Scopus user. The author alert is typically linked to an Open Researcher and Contributor ID (ORCID) number, and if for any reason this number changes, a new search may be required. A subscription to Scopus or other automated search approaches can be costly. Prices are not publicized and vary according to the buyer and the size of the institution. Systems can cost thousands of dollars annually for large institutions. Because of the high cost, it is unlikely that an institution has subscriptions to two or more databases, making comparisons of results difficult [24] unless there is multi-institutional collaboration. Software available in the marketplace is constantly changing and the best option for a program may change over time; the choice should be made with care.
Conclusions
Setting up automated literature searches may be essential for large cancer research training programs that must keep their program publication lists updated for purposes of annual reports and grant proposals. Automated literature searches can save time and increase efficiency as compared to individual searches on program participants, which must be updated periodically. Start-up time is considerable but is not repeated (other than for adding new author names) once alerts are set. Personnels' efforts are minimal in the long-term, compared to repeated individual manual PubMed searches. Publication Bcatchment' or sensitivity can be much higher than for manual *Image created and edited using tools from Microsoft Office Fig. 1 Papers found by Scopus search, manual PubMed search, and by both methods. Image created and edited using tools from Microsoft Office searches. In our study, Scopus found 38 % more publications than did our previous repeated manual searches, although Scopus missed a few publications found manually. Automated search methods can be supplemented with individual literature searches on program graduates who have never published and should be done to find the occasional publication missed by the automated method.
